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INTRODUCTION 
Mycobacteria are widely distributed in nature. They are abundant in the soil, 
on the surface of plants, on the skin of vertebrates, in human food (e.g., 
milk and butter), and in animal feeds. Most mycobacteria are saprophytic, but 
some species are highly pathogenic and cause diseases such as tuberculosis and 
leprosy in humans, and similar diseases in mammals, birds, reptiles, amphibians, 
and fishes. 
Mycobacteria that cause diseases of fishes differ considerably from those that 
cause diseases in humans and other mammals. Therefore, to avoid association 
between tuberculosis in mammals and mycobacterial infections in fishes, it is 
better to call the disease "mycobacteriosis of fishes." 
Mycobacteriosis is rare in wild freshwater food and game fishes. It is more 
frequent in wild marine fishes, and most frequent in cultured freshwater and 
marine captive or ornamental fishes. Mycobacteriosis is a fairly common and 
feared disease in large public aquariums. 
In the 1950's, Pacific salmon returning to fresh water to spawn showed an 
increased incidence of the disease. The incidence was highest in salmon that 
had been maintained and fed in hatcheries for a year or more before release. 
While in the hatcheries, the young salmon were fed food containing raw viscera 
removed from adult salmon in fish canneries. Since some of the viscera con-
tained mycobacterial lesions, the fish hatcheries were unknowingly contributing 
to the increase of mycobacteriosis for several years. When the addition of 
raw, unsterilized viscera to fish food was discontinued, mycobacteriosis was 
almost completely eradicated in Pacific salmonids. 
ETIOLOGY 
Fish pathogenic mycobacteria belong to the order Actinomycetales, family Myco-
bacteriaceae, and genus Mycobacterium. Fish mycobacteriosis should not be 
confused with nocardiosis, which is caused by Nocardia astepoides~ a bacterium 
that also belongs to the order Actinomycetales. 
Two species of mycobacteria that are considered as widely distributed and 
important pathogens of fishes are: (1) Mycobactepium foptuitwn which is capa-
ble of causing disease in humans, cattle, and all cold-blooded vertebrates; 
and (2) M. 1rla1'inum~ which was originally isolated from diseased marine fishes 
and occasionally is also pathogenic to humans (Runyon et al. 1974). The dif-
ferences between them are relatively small (Otte 1969). Mycobacterium marinum 
grows more slowly and produces orange pigment if exposed to light; M. foptuitum 
grows faster, and produces creamy-colored growth. Both are capable of 
causing disease in all vertebrates, including humans. Mycobacterium maPinum is 
usually found in tropical saltwater fishes and M. foptuitum in freshwater 
fishes. 
Ross (1960) isolated, from an epizootic of mycobacteriosis in chinook salmon 
(Oncophynchus tshawytsaha)~ a mycobacterium that produced water-soluble purple 
pigment, which he named M. sal~niphitum. It seems likely, however, that this 
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form was a variant of M. fortuitum (Ross 1970). Whereas fish pathogenic myco-
bacteria usually are easily isolated and grow well in culture media, the 
isolation of M. salmoniphilum was very difficult. Once it was isolated and 
cultured, however, further transfers grew well. Salmon inoculated with pure 
cultures developed gross lesions within several weeks. Re-isolations were made 
easily from these lesions. Even though the liver and other tissues of natu-
rally infected chinook salmon contained large masses of mycobacteria, these 
fish were in relatively good condition and survived for several years in the 
ocean. Difficulties in obtaining successful primary isolation could perhaps be 
explained by the death of most of the mycobacteria by the time the infected 
fish returned to fresh water to spawn. Another possible explanation is that 
the mycobacterium isolated was different from the one which was present in 
large numbers, but would not grow on the culture media used. 
SIGNS OF THE DISEASE 
The external gross signs of mycobacteriosis may vary, depending on the species 
of fish affected and the water temperature. Usually in dense fish populations 
held at relatively high temperatures the progress of the disease and frequency 
of signs increase. Among these signs are emaciation, loss of appetite, sunken 
abdomens, shallow grayish irregular ulcerations, fin rot, deformities of the 
vertebral column and mandible, exophthalmos, and loss of one or both eyes. 
Fish become listless and show difficulties in maintaining balance. 
Some of the diseased 
than the others that 
undeveloped gonads. 
vivid coloration. 
adult Pacific salmon were smaller and more vividly colored 
returned to fresh water to spawn. Such salmon usually had 
In contrast, diseased ornamental fishes usually lose their 
The internal signs are more characteristic. They consist of the presence of 
small grayish tubercles or nodules in the liver, spleen, and kidney. These 
nodules are typical granulomas, filled with large masses of mycobacteria. 
Pathogenesis of mycobacteriosis in fishes is not known. It seems likely that 
considerable destruction of internal organs results in emaciation and death. 
When there are extensive open dermal lesions it seems likely that, as in cory-
nebacterial kidney disease (Hunn 1964), plasma proteins are lost. It is not 
known whether the mycobacteria in fish lesions produce toxins. 
DIAGNOSIS 
Diagnosis of mycobacteriosis is relatively easy. Lesions caused by these 
bacteria contain rod-shaped, gram-positive bacilli. Differentiation from other 
gram-positive rods is made by the acid-fast (Ziehl-Neelsen) staining method. 
Establishing the presence of acid-fast bacteria in a lesion is sufficient for 
routine diagnosis. 
Mycobacteria may be isolated on special media that are commercially available. 
Separation of Mycobacterium fortuitum from M. marinum requires culturing on 
differential media and performance of numerous tests. 
3 
Nocardia asteroide8~ which also causes infections in fishes, is also gram-
positive and partly acid-fast, and is easily grown on culture media. It may 
occasionally be mistaken for a mycobacterium because of these similarities. 
SOURCES AND RESERVOIR OF INFECTION 
Mycobacteria are common in nature. The obligate pathogens, such as the human 
tubercle bacillus, probably survive in infected humans and perhaps in other 
mammals. The fish pathogenic bacteria are probably opportunistic pathogens 
that may survive outside infected hosts. This viewpoint is supported by the 
observation that humans can become infected from contact with diseased fishes, 
or at swimming pools, or even at sea beaches. 
Massive outbreaks of mycobacteriosis in salmonids raised in hatcheries and fed 
raw salmon viscera indicated that some wild salmon must have been infected and 
that mycobacteria present in these fish were the source of massive infections 
in hatchery fish fed contaminated food. Therefore it is assumed that infected 
fishes are the main sources and reservoirs of mycobacteria. 
MODE OF TRANSMISSION 
It is well established that infection is transmitted by the oral route. It has 
also been found that fish and humans can be infeCted through skin abrasions. 
INCUBATION PERIOD 
The incubation period varies greatly and depends on susceptibility, tempera-
ture, and the severity of exposure. It is difficult to specify the length of 
incubation (the time from infection to the appearance of the first signs of the 
disease). In salmon infected by the oral route, the incubation period may last 
for several years. In ornamental fishes kept in somewhat crowded aquariums and 
at higher temperatures, it may last only a few weeks or months. 
PERIOD OF COMMUNICABILITY 
Once a fish becomes infected, some of the mycobacteria in the lesion survive 
until the fish dies, and probably for some time after the carcass decomposes. 
It is safe to assume that any infected fish is a likely source of infection. 
GEOGRAPHIC AND HOST RANGE, 
AND ECONOMIC IMPORTANCE OF MYCOBACTERIOSIS 
Fishes with mycobacteriosis are found worldwide, in all seas and occasionally 
in fresh water. All teleost fishes should be considered as susceptible to 
infection. The economic importance of the disease is another matter. I am not 
aware of significant outbreaks of mycobacteriosis in any wild or cultured 
freshwater salmonids. In pond food fishes mycobacteriosis is relatively rare. 
Tubercular lesions have occasionally been found in marine coldwater fishes and 
specimens with mycobacteriosis are common among ornamental tropical marine 
fishes. Outbreaks of mycobacteriosis occur occasionally in cultured fresh-
water cyprinids. The first case of mycobacteriosis was seen in carp (Cyprinus 
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carpio) in a pond in France. Outbreaks in goldfish (Carassius auratus) have 
also been reported--including a recent one in Georgia. 
Mycobacteriosis is an important disease in saltwater aquarium fishes and has 
been reported from large public aquariums. It is also present in ornamental 
freshwater fishes. Crowding contributes to the severity and frequency in 
outbreaks among fishes. 
Occasionally people handling ornamental fishes become infected with bothersome 
skin lesions, which eventually heal spontaneously. 
A recently reported human infection in Australia was treated effectively with 
sulphamethoxazole potentiated with trimethoprim (Kelly 1976). 
METHODS OF CONTROL 
Prevention 
Prevention is thus far based solely on avoidance of infection. Therefore, 
suspected or infected fishes should never be introduced into a pond or aquar-
ium. Quarantine is important in ornamental fishes. 
Since infection by the oral route is well documented, food containing unsteri-
lized fish flesh should not be used. If water is recirculated among a number 
of aquariums it should be continuously filtered and decontaminated by ultraviolet 
radiation. Mycobacteria are very resistant to the action of disinfectants--a 
characteristic that can be effectively used to isolate them from other micro-
organisms. 
Treatment 
Tests performed with pure cultures of mycobacteria isolated from diseased 
fishes show that their resistance to drugs is high. Conroy (1970) reported 
that the antibiotic Kanamycin mixed with food was effective in curing myco-
bacteriosis among ornamental fishes. The recommended dosage is 0.01% by weight, 
in food. 
It has recently been reported that Kanamycin is absorbed from water by fishes; 
however, the significance of this absorption in the control of fish mycobac-
teriosis is as yet unknown. 
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